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Introduction
The divergent catalytic processes furnish quick access to structurally diversified compounds from a common substrate via controlled reaction mechanism. 1, 2 The tandem divergent catalysis [TDC] is amore promising, largely unexplored and yet challenging strategy, which combines the key advantages intrinsic to both tandem reactions 3 and divergent catalysis to provide different structures from a common reagent by avoiding the isolation of intermediates, thereby alleviating waste generation. 4 Although the benefits of tandem divergent catalytic processes are obvious, their development is still rare and challenging. In this regard, we focused on the reactivity of α,α-dicyanomethylidenecarbazoles in order to exploit controllable reaction pathways for divergent reactions (Scheme 1).
α,α-Dicyanoalkenes have been exploited as vinylogous nucleophiles, Michael acceptors and dienophiles in a variety of organic reactions for the construction of multifunctional molecules. However, their potential as vinylogous donors in synthetic chemistry was recognized after the independent publications by Jørgensen, et al. in 2005. 5 The benzo [a] carbazoles [BCs] , containing an aromatic ring fused to the a-face of the carbazole nucleus, are potential candidates for cancer treatment as a result of their DNA intercalative binding properties and planar conformation. 6 Although these systems are found rarely in natural products, benzo [a] carbazole structural motifs display diverse biological activities such as antifungal, antitumor, antiinflammatory, antiestrogenic and kinase inhibitory properties. [7] [8] [9] [10] [11] [12] [13] [14] [15] Vinylogous Michael addition was involved as a key step in the synthesis of polysubstituted benzene derivatives in a one-pot tandem reaction. 16 Nitroolefins are promising candidates among many Michael acceptors because of their strong electron withdrawing nitro group which could be easily transformed into a wide variety of biologically active building blocks and products. [17] [18] [19] The literature survey reveals various reports on the synthesis of Michael adducts through asymmetric Michael addition of α,α-dicyanoalkenes to nitroolefins. Here we present for the first time the preparation of multifunctionalized benzo [a] carbazoles via direct vinylogous Michael addition of α,α-dicyanomethylidene carbazoles to nitrostyrenes (Scheme 2).
Spiro-acenaphthenequinone, especially when attached to other heterocycles, occupy an important position amongst the different families of spirocyclic compounds, as a result of their pharmaceutical properties. [20] [21] [22] The biological importance of benzo [a] carbazole and spiroacenaphthenequinone in conjunction with our interest in the synthesis of novel hybrid spirocompounds, has led us to report the catalyst-controlled synthesis of novel imino and amino functionalized spiro [acenaphthylene-8',4-benzo[a] carbazole] derivatives via three component reaction of α,α-dicyanomethylidene carbazoles, malononitrile and acenaphthenequinone.
In light of these findings, we wish to report, herein, an amine-controlled divergent Michael addition methodology for the synthesis of both highly substituted benzo [a] carbazole and spiroacenaphthylene-benzo [a] carbazole derivatives having the potential to serve as templates for new biologically active molecules, from a common synthon under mild reaction conditions.
Results and discussion
The present study began with the synthesis of the precursor,1-(dicyanomethylene)-2,3,4,9-tetrahydrocarbazoles 4 via condensation of 2,3,4,9-tetrahydrocarbazol-1-ones 1 with malononitrile 2 and ammonium acetate 3 in the presence of a catalytic quantity of acetic acid in toluene, according to the reported procedure 23 (Scheme 3).
The vinylogous Michael addition reaction of α,α-dicyanoalkene with nitroolefine to obtain the Michael adduct has been known for long time. 24, 25 However, they were not able to afford an annulated product. Recently, Vishwanath et al, 26 envisaged the possibility of forming cyclized products via Michael addition of vinyl malononitriles to nitrostyrenes using a multistep methodology (Scheme 2a, b) .
Prompted by the encouraging literature precedent, we embarked on the synthesis of the Michael adducts 6 (a-h) which are suitable intermediates to derive the 3-arylpyrrolo[a]carbazoles 7 (a-h) via Michael addition of 1-(dicyanomethylene) -2,3,4,9- tetrahydrocarbazoles 4 (a-d) to trans-β-nitrostyrenes 5 (a,b). However the reaction followed a different and unexpected course, affording aromatic carbocyclic products, benzo[a]carbazoles 8 (a-h) instead of the expected Michael adducts 6 (a-h), in fairly high yields (Scheme 4). The structures 6 (a-h) were easily ruled out on the basis of spectral data. The 1 H NMR spectrum of the observed product 8a shows a singlet peak at δ 5.46 ppm owing to the presence of amino group. If the Michael adduct 6a was formed, one would expect aliphatic protons instead of aromatic protons at C3 and C4 positions.
Thus we report a simple and environmentally safe route to the synthesis of a series of structurally novel and polyfunctionalized benzo [a] The reaction medium has been found to be one of the most important factors influencing the yield as well as the rate of the reaction. The model reaction was initiated between 1-(dicyanomethylene)-6-methyl-2,3,4,9-tetrahydrocarbazole 4a and trans-β-nitrostyrene 5a in the presence of different catalysts and solvent systems to establish the feasibility of the strategy and to optimize the reaction condition (Table 1) . To probe the role of a catalyst, initially a blank reaction was conducted in DCM, however the reaction failed to give the product even after 24 h at room temperature (entry 1). It was observed that the presence of a catalyst NaOH gave the cycloadduct 8a in trace amount only (entry 2). Subsequently, various base catalysts, such as KOH, mo rpholine and ammonium acetate were tested for the reaction to promote tandem Michael addition and intramolecular cyclization and these bases gave 8a in moderate amounts (entries 3-5) . Surprisingly, the yield of the cyclic product 8a was improved significantly when 0.2 mL of Et3N was used (entry 6). The optimum quantity of Et3N was screened and it was found that on increasing the amount of catalyst from 0.2 to 0.5 mL, the yield of the reaction increases gradually but beyond 0.5 mL there is no significant improvement in the rate or yield of the reaction (entries 7-11). Temperature and catalyst loading has an obvious influence on conversion to products. The best result was obtained with 0.5 mL catalyst loading at 0°C (entry 10). The solvent also had an important role on the reaction yield, thus similar reactions (entries [10] [11] [12] [13] [14] [15] were conducted in DCM, EtOH, CH3CN, DMF and CHCl3, and DCM was obtained as the suitable solvent. The most encouraging result was obtained when the reaction was carried out in the presence of Et3N (0.5 mL) as a catalyst in DCM at 0°C.
As illustrated by several representative examples in Table 2 , the scope of this Michael reaction is broad. 1-(dicyanomethylene)-2,3,4,9-tetrahydrocarbazoles 4 (a-d) bearing various substituents reacted smoothly with β-nitrostyrenes 5 (a,b) to produce the corresponding products in good yields. One of the challenges of modern synthesis is to create distinct types of novel complex scaffolds from identical reactants by careful choice ofcatalysts/conditions. 27 As a continuation of our interest in exploration of vinylogous Michael addition reaction and the chemistry of α,α-dicyanoalkenes, we envisaged that the direct synthesis of the Michael adduct 6 might be realized by a one-pot reaction of 1-(dicyanomethylene)-2,3,4,9-tetrahydrocarbazole 4 and trans-β nitrostyrene 5 under appropriate reaction conditions.
An attempted vinylogous Michael addition reaction of 1-(dicyanomethylene)-2,3,4,9-tetrahydrocarbazoles 4 (a-d) with trans-β nitrostyrenes 5 (a,b) in ethanol in the presence of a catalytic amount of morpholine, failed to produce the Michael adducts 6 (a-h), but surprisingly this did give an unexpected dihydro carbocyclic product 9 (a-h), confirmed by different spectral techniques and X-ray diffraction studies. Based on the spectral and crystal data, the obtained compound was identified as 2-amino-3-nitro-4-aryl-5,6-dihydro-11H-benzo[a]carbazol-1-carbonitrile 9. The synthetic approach adopted to obtain the novel compounds is depicted in Scheme 6.
To optimize the reaction condition, a set of base catalysts and solvent systems were studied and the results are summarized in Table 3 . 12.
13.
14.
15. Initially, the reaction was performed in ethanol in the absence of a catalyst at room temperature for 24 h and we did not observe any product formation (entry 1). The reaction was very sluggish and incomplete even after 24 h of stirring in the presence of triethylamine as catalyst (entry 2). It was observed that the same reaction under reflux condition resulted in an increasein the yield of 20%. In order to further enhance the rate of conversion, screening other organic bases such as K2CO3, NaOH and DABCO, but the yield did not increase significantly (entries 4-6). With piperidine as the base a moderate yield of around 60% could be achieved (entry 7). Remarkably, when the reaction mixture was refluxed in the presence of 0.2 mL of morpholine, it afforded the desired product 9a in 90% yield (entry 8). It was noted that the yield of the product 9a was influenced by the amount of the catalyst (entries 9 & 10) . From these observations, it seems that morpholine is the optimal catalyst. To determine a suitable solvent system, similar reactions (entries [10] [11] [12] [13] [14] [15] were conducted in EtOH, MeOH, CH3CN, DMF, DCM and 1,4-dioxane under identical conditions and the highest yields obtained in ethanol. Thus the best yield of 90% for the reaction between 1-(dicyanomethylene)-2,3,4,9-tetrahydrocarbazole and nitrostyrene was obtained by using morpholine as the base in refluxing ethanol.
To explore the synthetic scope and the generality of the present protocol, we use differently substituted1-(dicyanomethylene)-2,3,4,9-tetrahydrocarbazoles 4 (a-d) and β-nitrostyrenes 5 (a,b) which gave the corresponding highly substituted dihydrobenzo[a]carbazoles 9 (a-h) in good yield as shown in Scheme 6 (Table 4) . The structural analyses of 9 (a-h) were made by FT-IR, 1 H NMR, 13 C NMR spectral studies and elemental analyses. The structures of the representative compounds such as 9b and 9d were further confirmed unambiguously by single crystal X-ray diffraction analysis ( Ellipsoids are displayed at the 50% probability level.
With the assistance of catalytic amount of tertiary and secondary amines, these divergent protocols provides an efficient, environment friendly and straight forward methodology for the preparation of biologically valuable benzocarbazoles 8 and dihdrobenzocarbazoles 9 in good yields.
After the successful synthesize of functionalized BCs and BDHCs using α,α-dicyanomethylidene carbazoleas synthon by catalytic divergent-tandem Michael reaction, we were prompted to extend the scope of this protocol to the synthesis of complex spirobenzocarbazole hybrids.
In the present study, we have reported an efficient protocol for the solution phase A systematic study was performed to check the effect of different catalysts and solvents and the results are summarized in Table 5 . Initially, the reaction was carried out by taking the synthon 4a, malononitrile 2 and acenaphthequinone 10 as model substrates in EtOH at room temperature without using any catalyst and we did not observe any of the three component product even after 12 h (entry 1). However, the same reaction mixture in the presence of bases such as K2CO3 and NaOH provided the formation of the desired product in 19% and 27% yield, respectively (entries 2 & 3). The yield was improved significantly when morpholine and DABCO were used as bases (entries 4 & 5). The reaction was then attempted using Et3N as the catalyst in EtOH. The reaction was complete in 5 h and gave 83% yield of 11a after a simple workup (entry 6). Consequently, the same reaction was carried out in different solvents such as ethanol, methanol, DMF, dioxane and acetonitrile to examine the effect of solvents on the product formation (entries 6-10). It was observed that the reaction performed in ethanol gave much better results as compared to other solvents. Taking all these observations into consideration, we found Et3N in ethanol were the best conditions for the present protocol. Next, to delineate the scope of this approach particularly with regard to library construction, this method was evaluated using substituted synthons, 1-(dicyanomethylene)-2,3,4,9-tetrahydrocarbazoles 4 (a-d) and the corresponding products 11 (a-d) were obtained in good yields under similar conditions (Table 6 ). The reaction procedure is very simple. A nearly homogeneous system was formed at the beginning of the reaction. After the reaction was complete, a yellow precipitate was obtained as the product which could be rendered very pure by simple filtration. Finally, the structure of this was confirmed by FT-IR, 1 H NMR, 13 C NMR and elemental analyses. This novel protocol is a muticomponent route, which is operational simple, avoid the use of conventional volatile organic solvents, has no waste formation and allows the easy separation of highly pure products.
The FT-IR spectrum of compound 11a showed stretching bands at 3451, 3294, 2210 and The reaction pathway, substrate scope, and product regioselectivity are similar to that proposed in the previous scheme. It may be noted that the variation of either catalyst or condition exerted an influence in this reaction and allowed the synthesis of amino substituted spiroacenaphthylene-benzo[a]carbazole 12.
The structures of the synthesized compounds were characterized using elemental analysis, FT-IR, and 1 H NMR spectroscopic analyses. The 1 H NMR spectra of the products confirmed the formation of amino functionalized spiro compounds. The 1 H NMR spectrum of 12a showed a singlet at δ 5.17 ppm which accounted to NH2 protons. In contrast, if the imino functionalized spiro compound 11a had formed, an allylic proton at C4a position would have appeared as a doublet in the 1 H NMR spectrum. The formation of products 12 was also elucidated with the help of FT-IR. In the FT-IR spectrum of 12a, the stretching vibrations at 3444 and 3365 cm -1 can be readily assigned to asymmetric and symmetric NH2 group.
Conclusions
In conclusion, a product-switchable amine catalysed Michael addition of α,α- 
The synthesis of 2-amino-3-nitro-4-aryl-11H-benzo[a]carbazol-1-carbonitrile (8). To a glass
vial equipped with a magnetic stir bar were charged with 1-(dicyanomethylene)-2,3,4,9-tetrahydrocarbazole 4 (1.0 mmol), nitrostyrene 5 (1.0 mmol) and catalytic amount of triethylamine (0.5 mL) in 15 mL of dichloromethane and stirred at 0°C for 6 h. The progress of the reaction was monitored by TLC. After completion of the reaction crude was purified by column chromatography over silica gel to give the pure compound 8. C, 73.46; H, 4.11; N, 14.28; Found: C, 73.55; H, 4.16;  N, 14.21 %. C, 66.92; H, 3.17; N, 13.57; Found: C, 66.83; H, 3.21; N, 13 .50 %. C, 73.46; H, 4.11; N, 14.28; Found: C, 73.37; H, 4.15; N, 14 .21 %.
2-Amino-8-methyl-3-nitro-4-phenyl-11H-benzo[a]carbazol-1-carbonitrile (8a

2-Amino-10-methyl-3-nitro-4-phenyl-11H-benzo[a]carbazol-1-carbonitrile (8b
2-Amino-3-nitro-4-phenyl-11H-benzo[a]carbazol-1-carbonitrile (8d)
.
Synthesis of 2-amino-3-nitro-4-aryl-5,6-dihydro-11H-benzo[a]carbazol-1-carbonitrile (9).
1-(Dicyanomethylene)-2,3,4,9-tetrahydrocarbazole 4 (1.0 mmol) and nitrostyrene 5 (1.0 mmol) in presence of morpholine (0.2 mL) and ethanol (20 mL) were intimately mixed in around bottom flask and the resulting mixture was refluxed for 6 hrs. The reaction was monitored by TLC, after completion of reaction the crude was poured into ice-water. The solid that separated out was filtered, washed with water and purified over column chromatography using petroleum ether: ethyl acetate (94:6) as eluent to afford the pure product 9. C, 73.08; H, 4.60; N, 14.20; Found: C, 73.16; H, 4.55; N, 14. 28 %. (11) . A mixture of 1-(dicyanomethylene)-2,3,4,9-tetrahydrocarbazole 4 (1.0 mmol), malononitrile 2 (1.0 mmol), acenaphthenequinone 10 (1.0 mmol) and triethylamine (0.1 mmol) in dry ethanol (15 mL) was magnetically stirred and the progress of the reaction was monitored by checking TLC time to time, the solid precipitate appeared slowly at the end of the reaction after 5 h. Then, the precipitate was just filtered and it was washed with dry ethanol (3 x 5 mL), and it was dried to give pure compound 11. 
2-Amino-8-chloro-3-nitro-4-phenyl-5,6-dihydro-11H-benzo[a]carbazol-1-carbonitrile (9c
2-Imino
